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EFFICACY OF ULTRAVIOLET RADIATION-C (254 NM) AND
LOW-INTENSITY LASER IN THE HEALING OF WOUNDS IN
IRRADIATED SKIN
Rajani V. Kanade,1 MSc (PT); D.K. Vijaykumar,2 MCh; Thomas Cherian,3 MCh; Bahitha Uthup,4 BPT
Abstract: Radiotherapy is an integral form of treatment for cancer and is the most widely administered treatment
form in India. Following irradiation, slow healing and necrosis are the clinical manifestations of permanent
vascular insufficiency. Ultraviolet radiation (UVR-C) and low-intensity laser therapy (LILT; LED Cluster) were
studied for their efficacy in the healing of wounds in irradiated tissue because they are known to accelerate
the healing process of wounds in non-irradiated tissues. Fourteen female albino rats were the subjects of this
study. All 14 animals were irradiated individually with a Cobalt source. Post-radiotherapy, all 14 animals were
observed for a period of 3 months to allow subcutaneous fibrosis to develop. At the end of 3 months, an excisional,
full thickness circular wound of approximately 2 cm2 was made to the irradiated tissue. In part 1 of the study,
the animals belonging to the study group were treated with UVR, whereas in part 2, they were exposed to
LILT until the wounds healed completely. In both study parts, the wounds of the animals belonging to the control
and study groups were cleaned regularly with saline and betadine. The wounds were traced at each treatment
session and the wound area was calculated in mm2 using a Hipad Digitiser. In part 1 of the study, statistical
analysis implied that UVR-C did not accelerate the healing process of irradiated tissue. Rather, the lesser average
healing rate of the group treated with UVR-C pointed to a delay in the healing of irradiated tissues caused
by UVR-C. In part 2, the study showed no difference in the rate of healing of wounds exposed to LILT compared
to the wounds that did not receive laser treatment. In conclusion, this study suggests that while use of UVR-
C and LILT may not benefit post-irradiation non-healing ulcers, use of UVR-C may actually retard the healing
process.
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Introduction
Radiotherapy is an integral form of treatment for cancer
and is the most widely administered treatment form in
India. With few exceptions, all radiotherapy techniques,
by necessity, entail skin irradiation. Radiation reactions
in the skin may be divided into early or acute changes
Research Report
and delayed or chronic changes. The repair entails pro-
gressive fibrosis and vascular hyperplasia. Consequently,
slow healing and necrosis are the clinical manifestations
of permanent vascular insufficiency [1]. Ultraviolet ra-
diation (UVR) and low-intensity laser exposure are
known to accelerate the healing process of non-irradi-
ated tissues [2–11]. This study investigated the efficacy
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of UVR-C (254 nm) and low-intensity laser therapy
(LILT; LED cluster) in the healing of wounds in irradi-
ated skin tissue of rats.
Materials and Methods
Fourteen female albino rats, each weighing approxi-
mately 150 g, were the subjects of the study. Each of the
14 animals was irradiated with 30 Gy of single-dose
radiation over a duration of 12.6 minutes. The animals
were prepared for radiotherapy as follows. Each rat was
anaesthetized with ketamine at a dosage of 50 mg (2 mL/
kg). A skin area of 2 cm2 over the dorsal aspect of the left
thigh was irradiated with a cobalt (Co)-60 source at a
distance of 80 cm. Lead blocks of 5-cm thickness were
used to shield the remaining body area. To avoid unnec-
essary irradiation to the bone marrow, the skin alone
was stretched out and held with sutures, which were
passed through the edges of the skin surface, as shown
in Figure 1. The suture material was anchored with
artery forceps. Post-irradiation, the skin manifested mild
erythema, and desquamation at the suture sites. At the
end of approximately 7 weeks, hair growth began on the
irradiated skin. None of the animals showed any ulcera-
tion of the irradiated skin. Post-radiotherapy, all 14
animals were observed for a period of 3 months to allow
subcutaneous fibrosis to develop. During this period,
two animals expired due to unknown reasons, as post
mortem studies were not performed.
Hereafter, the study was conducted in two parts. Part
1 of the experiment studied the efficacy of UVR-C (254
nm); whereas part 2 of the experiment, studied the
efficacy of LILT in the healing of wounds in irradiated
skin.
Part 1
At the end of 3 months after irradiation, an excisional,
full-thickness, circular wound of approximately 2 cm2
was made in the irradiated tissue of the 12 animals. The
histopathology of the excised tissue revealed signs of
subcutaneous tissue fibrosis. The 12 animals were then
divided randomly into two groups, with six animals in
each group. One group was designated as the study
group, whereas the remaining group was designated as
the control group.
The animals belonging to the study group were
treated with UVR-C (254 nm) using an Endolamp 474
[Enraf-Nonius BV, Delft, The Netherlands] at a distance
of 10 cm, as shown in Figure 2. The treatment began with
a dose of 5 seconds once daily and the dose was increased
by 5 seconds daily until a maximum dose of 90 seconds
was administered.
The wounds of the animals of the control group were
untreated and were cleaned regularly. The wounds were
left open after cleaning. During the treatment period,
one animal belonging to the control group expired,
leaving behind five animals in the control group.
Each day the wounds of all 11 animals were traced on
a clean transparency sheet and the wound area recorded
until the wounds healed. The area of these wounds was
calculated in mm2 using a Hipad Digitiser (Acecad Inc,
Monterey, CA, USA.
Part 2
Eight months later, the second part of the experiment
Fig. 1. Irradiation of the flank skin with cobalt 60 at a
distance of 80 cm. Lead blocks of 5-cm thickness were
used to shield the remaining body area. The skin to be
irradiated was stretched out and held with sutures and
artery forceps.
Fig. 2. The full-thickness excisional wound was treated
with UVR-C (254 nm), using an Endolamp 474 at a
distance of 10 cm.
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was conducted on the same sample groups. During this
period, two more animals expired, one from each group.
The five animals belonging to the control group in part
1 became the study group for part 2; whereas the
remaining four animals, formerly treated with UVR in
part 1, became the control group for part 2.
A full-thickness excisional wound of 1 cm2 was made
surgically on the dorsal aspect of the thigh of all nine
animals. The wounds of the study group were treated
with a Thor 19 LED Cluster (Thor International Ltd,
Basildon, Essex, UK), comprising 10 x 660 nm (10 mW)
and 9 x 950 nm (15 mW) LEDs; spot sizes of 0.2 cm2 each.
The wounds were treated twice weekly, as shown in
Figure 3, with a duration of 2 minutes at each treatment
session, until they healed completely. The wounds of the
study and control groups were cleaned regularly. The
wounds were traced at each treatment session and the
wound area was calculated, as explained in part 1 of the
experiment.
Results
In case of each animal belonging to both the groups, the
% of the wound area in mm2 per week was calculated
using the formula:
(F–I) x 100
———————       No. of weeks
   I
where F = final wound area and I = initial wound area.
The average healing rates (Rav) for the study and
control groups for each part were calculated using the
formula:
Rav = Sum of wound healing rates/No. of wounds
Part 1
Rav of the group was 42.11% and the Rav of the control
group was 48.55%. The p value of greater than 0.15
implies that the difference in the rate of healing between
the two groups was not statistically significant (Table 1).
On analysis of the mean values, the healing rate of the
untreated (control) group was faster than that of the
group treated with UVR.
Part 2
The Rav of the LILT group was 40.63%, whereas that of
the control group was 34.69%. The p value of greater
than 0.10 implies that the difference in the healing rates
between the two groups is not statistically significant
(Table 2).
Discussion
Delayed radiation reactions include telangiectasia, slow
healing, and necrosis. These are the clinical manifesta-
tions of permanent vascular insufficiency [1]. Skin
wounds are structural or physiological disruptions of the
integument that incite normal or abnormal repair
responses. UVR has been used to stimulate the growth of
granulation tissue in the wound bed and increase the
circulation to the surrounding area [2–5]. Nonetheless,
there is a report on the short-term benefit and long-term
failure of UVR for the treatment of venous leg ulcers
[13]. The results of this study show that UVR increases
skin oxygen tension of the lower leg and inhibits the
normal vasoconstrictor response on standing. However,
this effect is short lived and is followed after 2 days by a
return of the vasoconstrictor reflex and a marked de-
crease in skin oxygenation, which continues for at least
2 weeks. The results of our study showed that the
average healing rate of the study group was 42.11%,
whereas the average healing rate of the control group
was 48.55%. The difference in the wound healing rates
between the two groups was not significant statistically.
This implies that UVR-C is not effective in the healing of
wounds in irradiated skin, even though it is effective in
the healing of wounds in non-irradiated tissue.
Additionally, the lower mean value of the healing rate in
the study group points to a possible delay caused by
UVR-C in the healing of irradiated tissue. Permanent
vascular insufficiency is a known clinical manifestation
of ionizing radiation. The same rodent tissue was further
exposed to ultraviolet radiation, which is non-ionizing
Fig 3. The full-thickness excisional wound was treated
with the Thor 19 LED Cluster.
Table 1. Mean wound healing rates by group for part 1
UVR-C treatment Control
group group
Mean (SD) 42.1% (9.1) 48.6% (6.1)
*p-value > 0.15
*Computed using Student’s unpaired t-test.
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radiation. We speculate that the combined reactions of
ionizing (Co) and non-ionizing (UVR-C) radiation on
the same tissue might be the cause of delayed wound
healing. Further investigation is required using a larger
sample size to explain the delay in wound healing with
UVR-C in our study.
On a cellular level, lasers cause an increase in leukocyte
phagocytosis [11], stimulation of both collagen produc-
tion [6–8, 10] and procollagen types I and III mRNA in
the irradiated dermis [7], and an increase in fibroblast
cell-binding affinities [12], thereby helping the process
of healing. However, our study found no statistically
significant difference in the wound healing rates of laser-
treated wounds compared to wounds that did not re-
ceive laser treatment.
The analysis of mean values of average healing rates
of the two groups in the two parts of the study revealed
that UVR is clinically effective in the healing of wounds
in irradiated skin when compared to LILT. As our study
was conducted with a small sample size, we suggest the
same study needs to be conducted with a larger sample
size to arrive at statistically significant findings.
Conclusions
The results of our study indicate that healing of wounds
in irradiated skin is neither accelerated by UVR-C nor by
LILT, although both these electrotherapeutic modalities
are known to accelerate the healing of wounds in non-
irradiated skin. UVR-C treatment may actually retard
the healing process. Further studies with a larger sample
size need to be performed to gain a fuller understanding of
the exact mechanism underlying the delay in the healing
of wounds in irradiated skin tissue treated with UVR-C.
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